Despite considerable improvements in the treatment of acute ST elevation myocardial infarction (STEMI), outcomes have predominantly improved in STEMI patients without cardiogenic shock (CS).
Intra-aortic Balloon Pump
The IABP was first introduced in the setting of CS in 1968. 3 Ever since, and especially after the development of a percutaneous insertion technique, IABP therapy has been increasingly used for several clinical conditions requiring mechanical LV support. In current practice, it is still the most frequently used method of mechanical cardiac assistance in the catheterisation laboratory.
Currently, the main indication for IABP therapy in STEMI -as adjunctive therapy to revascularisation -is CS not quickly reversed by pharmacological therapy. This indication is listed in the American College of Cardiology (ACC)/American Heart Association (AHA) guidelines as a class IB recommendation, although no randomised controlled trials have been performed in CS. In our recently conducted, simultaneously performed meta-analysis of observational studies in STEMI patients with CS, data were significantly affected by confounders. 4 Notwithstanding the lack of evidence to support the use of IABP therapy either in STEMI patients or in STEMI patients presenting with CS, it is still a popular treatment strategy. Moreover, it is the only method for mechanical cardiac assistance that is widely available and easily applicable in current practice.
Percutaneous Left Ventricular Assist Devices
Surgically implantable LV assist devices (LVADs) have been shown to provide more effective circulatory support. However, in the setting of STEMI complicated by CS, the applicability of this therapy is limited.
Therefore, the development of percutaneous LVADs has been of great interest. More recently, the TandemHeart and the Impella 2.5LP and the Impella 5.0LP have been introduced. 5 
TandemHeart
The TandemHeart percutaneous ventricular assist device (pVAD) is an extracorporeal, dual-chambered, centrifugal, continuous-flow pump. It is a left atrial to femoral artery bypass system, designed for short-term mechanical LV support (see Figure 1) . At a maximum rotational speed of 7,500rpm, the TandemHeart pVAD can deliver a maximum output In conclusion, although the TandemHeart device is capable of delivering effective mechanical LV and circulatory support, the complexity of the device and its high complication rate may impede its widespread use.
Nevertheless, it may be useful in specific circumstances. Specifically, the device may be useful if a left atrial approach is required, for instance in the case of aortic valve disease or as a means of percutaneous mechanical circulatory support during aortic valve interventions. Also, it may be a useful treatment option when complexity is less of an issue, for instance in the post-cardiotomy setting.
Impella
The Impella LP2.5 and the Impella LP5.0 are catheter-mounted microaxial blood pumps designed for short-term mechanical LV and circulatory support. Both of these pumps are inserted through the femoral artery and subsequently positioned across the aortic valve into the LV using fluoroscopy (see Figure 2) . The Impella LP2.5 can be introduced percutaneously, whereas the larger Impella LP5.0 still requires a surgical cut-down of the femoral artery. At maximum rotational speeds of 33,000 and 50,000rpm, respectively, they produce a maximum output of 2.5 and 5.0l/min, respectively, by expelling aspirated blood from the LV into the ascending aorta.
In the setting of mechanical LV support during elective high-risk PCI, 7 we have previously reported on the safety and feasibility of Impella LP2.5 support. In the setting of acute MI, the safety, feasibility and efficacy of Impella LP2.5 support was studied in patients with large anterior STEMI in the MACH 2 trial. 8 In this non-randomised study, prolonged Impella 2.5LP support was evaluated as adjunctive therapy to primary PCI (n=10) compared with routine care (n=10). Besides demonstrating the safety and feasibility of Impella LP2.5 support, the study revealed an improvement in mean LV ejection fraction (LVEF) from 28% at baseline to 41% after four months in the Impella-supported patients. In the control group, mean LVEF improved from 40 to 45%. These data suggest a beneficial effect of LV unloading on post-infarct LV remodelling and, therefore, a beneficial effect on LV function.
There have also been several studies in the setting of CS. In the ISAR-SHOCK trial, in which 26 STEMI patients with CS were randomised to concomitant Impella LP2.5 support or IABP therapy, Impella LP2.5 support resulted in reduced blood lactate levels. However, no difference in mortality rate was observed. 9 Preliminary data from our database of CS patients treated with either Impella LP2.5 or Impella LP5.0 show that in most cases 2.5l/min of support is insufficient. The Impella LP5.0 was more effective in LV unloading and reversal of CS.
A percutaneous method for the insertion of the Impella LP5.0 without the need for surgical cut-down would simplify the use of this device and should therefore be developed.
In conclusion, Impella technology offers the opportunity for mechanical LV support in many clinical settings. Both the Impella LP2.5 and the percutaneously implantable Impella LP5.0 may be the first step towards addressing the need for a minimally invasive and easily deployable mechanical assist device that provides superior haemodynamic support compared with IABP. with signs of pre-shock. 10 The primary end-point will be LVEF after four months, as assessed by magnetic resonance imaging (MRI). In STEMI complicated by CS we will initiate the IMPRESS in severe shock trial.
This trial will compare the effects of mechanical support by IABP versus Impella LP5.0 in STEMI patients presenting with deep CS. The primary end-point will be mortality after 30 days. 
Conclusion

